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(57)Abstract: 

PROBLEM TO BE SOLVED: To appropriately control the actual floor 
reaction by detecting the actual floor reaction to calculate the moment 
around the center point, determining the amount of rotation to correct 
the target position and/or posture so that the position and/or posture 
of the leg part is rotated, and to displace the joint of a robot. 
SOLUTION: A two-foot walking robot 1 is provided with a joint on a leg 
part link 2. A six-axis force sensor 44 is mounted on a foot joint, the 
three- direction components of the force and the moment are 
measured, and presence/ absence of landing of a foot part and the floor 
reaction are detected. An inclination sensor 60 is installed on an upper 
body 24 to detect the inclination and the angular velocity. A rotary 
encoder to detect an amount of the rotation is provided on an electric 
motor for a joint. First and second arithmetic units are provided in a 
control unit 26, and the first arithmetic unit calculates the angular 
displacement command of the joint, and feeds it to a RAM. The second 
arithmetic unit reads the measured value to detect the command from 
the RAM, calculates the control value, and outputs it to the electric 
motor. The floor reaction can be appropriately controlled without 
generating the interference. 
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[0 0 6 5 ] M3lWim=L~v h 2 6 ©Ifffl^-r^n 50 
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S 0 €-C(Cfc^T^-fe>-9-6 O&i'Cffi^IA/D^: 

ltRAM7 4rt4CA*§n-2>„ 
[0 06 6] fWtBl^.- „ hrttCBCPU^^SSIl, 
US 2 ©?H»Slg 8 0, 82 imvt htlX 4S 0 . 0 1 ©SI 
#$?g8 Otifgj&DitK , ROM8 4tCtSSi§nr^€> 

AM7 4icSat?.. £fc»2©St#S|g8 2«RAM 
7 4*»6*©*B^i<ftffiStifc^SIBIfi<b*K*ffiO. S 

m%i<Dmmo&wmm\mw.\& hx d/ammbs 6 
[0067] cct, t<omMWt*5&umffixm$?z> 

If8-2 1426 1^) T'ffiffl Lfc5E*iCfie5 ) . 

[0068] r^j n^y n^cfcws- aaw 
a3E«iatto. mnm®)^ * - > <t ms.t}^ # - > £ 

[0 06 9] Micti, jlL.#-5f*oW5. Snitcffi 

2„ errao . ^»Kf?ffl-rsj*K#*£j£Lfcfc© 

[0070] ^fam.t>mm&t*:cicfri)->i>t)tt! 
(D^-jtio htc^or^^ti. m— ©s^j5ks*{c^- 
lt, ai!©ffl*-£to-tftt«!af3*&„ -e©*octt, 
iSitttts t> 0 ©*&&£ ^ < *- y > h jS^* o rj&ioff 

^Sditaig U ■g»«F^¥ 6 - 7 9 6 5 7#t?tt 

[0 07 1 ] PHWC. £flc5fti£f^j&£*CK*»ft« 
^ji^©*-y>h{cj:o-c^$n. PI— ©^*S* 

[0 07 2 ] *BRS*eDH«Mia*a*^«S*it> , >. 
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[0 07 3] ft. *&8bfcMmfc<fc5{C. ISZMP (Ze 
ro Moment Point ) B&© <£ 5 JC^ft SftS,, EP%, S 

#»s&/< £ - xc j: o risfer suns* £ mtxD&m 

*©*4SSZMP (Zero Moment Point) £C> 5. 
ZMP(t ^#©£itt#l*l#JiS##0^&^IRD. -ft 

««ej*»i>6ft.&. eiTowwcB, a»L/^-r<-rsfc 

»{c, B«ZMP£C»5*SI*fliC>£t»£t>**#5, IR io 

coo74] &BMiiB&<DmmM*mm&B*fflKt) 

fib, 3*&ftj5£&£l&J|&r). sano** 

[0075] ccr. c©»ro©iHiccot>rw»w-s 

^5 7>^M»t?«Wfti^SStt«l5 C £#B 20 
«T*££ft«C. -e©^tS-^«S*3>7*7^T>^$IJ 

it. 

[0 07 6] €-©ras^45fe©H4 o cc^-r^ss-eiftfij 

fPB, C©^e-^> h?:OtCL<fc^£*lJ5i.m?ra4 3 30 
[0 07 7] t,*>U&#6, JS*©@Ktcj:-,r. »1 

js¥©*»*> £tfc«#w < a £©-e. * 1 S¥J^s^©is 

«ZMP) **>»)«0||*{REft*-y>h3&sSE{trS. 

chtt. wwi3>7'7w , r>x$ij©©§iiia)S-c*^ii^ 

^i^ItLttt^ H3>77-f T>*ft«£, S 40 
m3>^"-5-fT>^«HB**ft:t»»^<!:|5I««:ifcfr>-&4 
£. S«^J«5;WM>* (SIZMP) *toO©^J6R 

[OOTQl^teltSMOOioiLt, WW 
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[0080] sfc, H43 ct^-rtfcsrai. 0 1 JEW 

[0 0 8 1 ] «±©J:^iC. Slf3>7'5^T>XftlJiai 

B. air>r«iai*#it*it^*5**. 
[0 08 2] ffiot, *Jfco3i5Mtc«4i6B«:*ii»'r 
b. ws^iticr^y hKffffl-raflsK*. <t») attract 

B, B»£J&fc5#f iC^* to 0 ©5££J*5# y > h 
£, g«&S¥^JS^*^*fef)©H#STOJg^* 

[0 08 3 ] *fc 4 *titcj:or^WWCc9fc') J P>«« 

c o o 8 4 ] i4it cvmmmmtm&Mjmma 
b<Dfflmmm &£i,xm3<mi<Dwm$iB.8 o 

#>& 0 JWT. H4*#JHLTC©iM©£tt#l$*ttift 

[0 08 5 ] c<Dmm*&m£i8M*ffiz.. $m*sm 
ttg«^&&&sSL. atfrr& 0 a«*SB, ^a©^ 

l> =RttWfc BStLLttflSt • atIS¥f±g • 

j&Mftit. B«£ERR#ifM>j6 (l«ZMP) KijSfcd; 

LTBa«^s*^^m»/cwr4>m^) . 

[0 08 6] cc^a»(^»ccfei>r*SSJiS»3&sffl* 

-c^b, aszMPfc-tf^. 

[008 7 ] I5Ka*'j h 1 ^TO^tf-T-Si*© 

ft. ^S^iSg©l¥fflB^tCffi|gUfci|tBI^8 - 2 1 4 
2 6 l#(C^(C^6n-Cl^-5©r, cnw±©p| 
B*«STS„ 

[ 0 0 8 8 ] m 4 ©t&BStCMS £ . C (D81BBi«S 

^ (BSZMP) £e«JE¥fita-3g^*^A^£ 
iSSJE¥«0jW^*£Ltttl^t§. KERR 
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10 



<onm ■ mm («*.«. m&wmms&mvtwbti* 
[o o 8 9 ] H5«c^*«fc5fc*fcgfc*fi,r. ams 

*«= 5 ) ttweaswomuc . mmm 2 zw-mfxt) #£v£ * 

StSfg 2 = B«£*K# * ( Stiff 1 S¥*S**'Cn* ilfZM 

• • -SI 
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*B. -3*3#*i6*>*»<!:{C^«cr-5„ 

[0090] cne»*ff^?»a-r^a«» 1 

ScJS^Jtf't^il^© 2WA-3^-F£09 JCijvfr. 
ft. C©0-CttS"St (RMS 18. 2 0 R ( L) ) jfcfcfi 
¥2 2 R ( L) -v©SatS^*M,^i 0. H 1 iC^T 
«fc9KfiTlffirWl*X(ll©iE©l»I*, £Yfi 
©iE©|6j -5. 

[0 09 1 ] S*j£K##IB8tt\ BK. ffiMWTB* 
TOREfrtt. «ta«#3 2 &£©&*>«#«©&*>«:& 
[0 09 2] yc3C*ffll>r±IB©J:5{CK3estifcB* 

seTflsSA* ajskwiw* mm&mfct) &ms&rti 

[0 0 9 3] 



[0 09 4] C©<fc 9 fc#&fcg*fca¥fl^B5ftR 
micmtT S©t?, «*©4>& l »*tr £^-r -5 fcaotc 
aort»*. ffi, ±ffi©im*#ti»RA#^«3«fcSBOfc 

«»5 - 7 g 6 5 m) tciajesnri»s. 

[0 09 5] H4 ©ttWKR* £ . C CDgtttii$S 

©-fe>tt-t»fscca^^rc#^ h©ttn*«sjeu. amr 30 

££fcE*J*»H-r&. BP ft. SSBSicnsj??, h*a*fr*S 
t>B^LTC»S£*fe£*K:Bf&ifc-r5^fe:3> FP- 
7 (c J: o r UMiB^fi * aaMflf£&K3££tcjftflE 3 * 

[0 09 6] PiK? h©iS»*^IW«:^^fc3«S3t 

»Kesa*^j4*-y > f cn*a»*flas* 

"WWII (S1ZMP) *<m&LkV-i:WM&)lC&±2& 

z&m&iibz. c©«jnw<c*i*-^>h*»«^a? 40 

«£Efc5;tJ*--y>F£(,>5,, 
[ 0 0 9 7 ] ft. «l5£f£SfrP#? F©affe&SM*E# 

«*^©j:5KjaaiLT:«>m». suft. s«su»^*- 
n*Wst}t&twc#)fo^ *n3Wflcffi±©**^{tcfpffl-r-5 

-?•©***» trSSZMP£-rS<fc ; 5(ci/-CfeM 50 



IK 

[0 0 9 8] i> L/. M *^»*-C*ot, ^ 

fi 3 > h p - 7 cc <fc o r^w«5^fi* s«nfl@E&(c^ 

if3 2 *J «t OffiJSWttf* 3 4 ©fcto&ft J: -5 D 5 
p^-, H^#©fia • £»©&ttfttt]UbR, «T©6 

[ 0 0 9 0 ] *- F 1 ) B*^a&S*tf»^ (SIZM 

p) *«*>^iOitwatt**>DiaiK (BPft, 
*-F2) nm&&EJ3'ptN& oizmp) 

Ofc^S#$fc?)!iI$K (BP ft, IV^ffid) 
K3) g*^fRS*(f»'l>^[ (BRZMP) 

F 5 ) 

*-F6) ±TW^SSSti 

[0100] C©|*3-C, F 4 F 5 B, S¥© 

B*a«« 3 2 *s J; tmm* 3 4 *Jfl}flfcfe6*|ni©^Bf 
**SW-CA:t>«fC4«:J:^r*i , r-B*>©'C*4. B 
*a«1f 3 2 fc J:0'JEJS5itt{*3 4 BJ5»r*|6l©Wtt^W 

i^^ic^-rs©r-. c©gnBffiferiJ>%< , mf 

[0 1 0 1 ] £9 4afiK©F*3> F3 F6B 
C©^|Bj(cit©©BBa ; l:WL'^^©-C. C©ISWl©»» 
*sJ:^^-r-5»2©IU6©0!lgt?B*- F 1 F 
2(C*f-rS§IJ!a]/cW*tf i 5C£<i:-r5. F 1 
F 2 ICttT SWSPB. C tl*s& t ^ i B ^:^ £'©1S^P *K 
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* 



[oio2]*-fi mm-?&tdtb<mvm&. mm. 
s„ *-K2**uffliT^fcto(D«^M«, mm±m^ 

-C f§«£JEtcJg7J©f£#©(*3, mff*#^(Sj*-^>KS 

©«#K. C©3US©ff^ <fc«J:aW 2 

t?«fflc»&i*©t?oram 10 
[0 1 0 3 ] ft. W»«;fc©5e»Cfi£5. BP*. 

fl«S*©*-y > Ha^iSHR^flcS^^-jO hMd 

md <#L<«B**SRS*ttiiC^ (StZMP) 

Mdmdx = - Kthxflerrx - Kwx (69 errx 
Mdmdy = - KthyO erry - Kwy (df? erry 

CCt> Kthx, Kthy, KwxiiiffKwyK, 

[0105] ao-r a a > ^ 9 r > * ttftstteai 

fc£. SS^S^i««^JS^©^fcH^JS^>l: 20 

-»3tt.fc9£«<. 

[0106] a4©«l3KRS(h 1 COgilJH^¥ 
JKfc) *«a-r*. Etc, HBOi>3-fKJ:r)ttt 
mu. *ftfcJ:^r6l!l#*>1f4 4©fcUtf*ffi«Sg 

[0107] c ©satin #9 hfwsr^^u (aw** 
±#ta-s»is^«-^*A#<sti*£. -en 

islrfZutfv h l©«fc5£r l Wa>/cf3©MffiiaiS^6 

SMHSEtitt— *wct#*£. 
[o i o 8 ] c©ss*©»*r^+*v?w e»x©« 

aa • mm*R\-tz>tm-c&MBmiL*n a £ 5 tc t, 

fc 0 BP*, o*? hfBMSRt^fJUJ, B«_h#teB-« 40 

mwfam.) *aau *n5*>6 1 2H©k§5 
(1 or (D ©mifflaEfldi^ «i> *#mr 

[0109] C©8iB^3>hn-7 (BTiBt/teSI 
2©SHWSB8 2{C|^D) *«*., »3>ho-7 

TJItHSnfcBBfflSEfltJB^ (fit) 4BIfflil/TO#f 
M © 1 2ffl©M»<OSaa*ia€6«HBp-rs. 
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«3©M«^«g^-^> hMdmd) £l>5. 05&C 
±#ft£ Z NCc £ 0 . Iff 1 £¥©fi#fiT©5Kffi±©j6 

9. fi», ;7jteJ:t>'*~^>HiC©ffi«^r^3n 
■Sfc©i-rS„ MdmdCDXsSMMdmdx, 
Yf&fr£Mdmd y. ZJ&8-£Mdm d z LUm?i>* 
±i*2 4©MI«lft (BP*. JS±<*ffl§4- SSLtfMS 
$4) 0 err ©Xj£#%e errx, Yl&frS: 6> erry. Cn6 
©^HSS^-ffl* (d0 errx / dt), (dflerry / dt)<ifB£!i 

[0104] Mdmdxfe<i:a'Mdmdylt 011*. 
l£<DfflWW\lX. J: ot«£3h4. 
/ dt) 
/ dt) 

• • -5$2 

[0 110] C©Slg«HfTf2^3>'7'7'l , T>XSij^ 

[0 1 1 nitl) n*'^ h©ttM • ?6»M8P©?t«£> 
Rts (*-^>FMdmd) £SM£JEfcK*©t=>73«cil 
tt. aS^S^fr* £ *> 9 ©H^*K^7K¥^|fiI* 

[01 12] ^*2 ) SS3P©«JIMt**fi!-r-5fc«& 
ic. -Cit&frlf <0 BM&£¥-0Kfx.t)tp>b&£ i?K) ©US 

JS¥fRK#«W}^* *> «J ©^#S¥*Jg**-^ > h * 

[0 1 14] ±ffi*mT«i Itl 1 07B-^t-F 
(«JBKt7 a- • ? + - h ) £#MCT C©^S©»f^ 

^©iffiss^^^-ro 

[0115] 5fe-TS 1 0(c*i>r«B*fijJtiMbO. s 1 
2 *«r s 1 4 Kit*, f >fv«»)ii**fip«-r*. f 

-f^«»)i&#tt5 0insC:±K:&3ft. BP*. SiTOSB 
tt5 0ms r*5 

[0 116] fe>tS 1 6fc^-r*^©^JO#teO 

BP*, £J$W©tt9£fc9a*»5fr!MKU 5^3 
n€.£^«S2 2(Cjtfc-<i:S{C. tt^tl^i^BSl 
8(Cil^^-fvt^'r^ixi'7-fXL/ 1 S20K^ 

50 ^y-^ti. jltb^^y-^i^JKti^'^y-if (ZM 
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[oii7] m^-c s 2 2 icm&> mu&&<Dmvmz 
i% ccrr^j ax, y, zfflBJcfews rrsj*j 

C 0 1 1 8 ] m>X S 2 4 (c«A,r@*SJ£¥flcE*Jtti 

[oi i 9 ] s 2 6 ccj1A,T'@«&je¥JekK;Jj£ 

[0120] iH,»r S 2 8 (C£». fW2L.fc«^-fe>"^ 
6 0fc£©UtfJ*»6±#2 4©»j:t*P*'-y h l©l/t 

[0121] it,>rs 3 o icjt*, asff f h i ©*#&& 

£»»&*»*5RjeftT*;fc»© OtteflcR&<MNa 20 
(BIZMP) **>•?©) UMl^fRS^-^^hMd 
mdx, Mdmdy«W. ftWJtCtt, ±foim& 

SEotiRiStEftt-y^hMdmdx, Mdmdy 

[0122]fi^tS32 tCjft/^-C^J&ipflcS**** 

[0123] m^-c s 3 4 Kji*, mmmm.n e d b v 

*j J; 0 n x ( y ) ZfrjE.? J„ Chit 30 

[0124] *ott^a>^^r>xttf^yeaj©ft 

fc^tll 1 {CjnTJc^fCfill J£¥2 2R (L) £ffl2 

£¥2 2L (R) tcm&&¥fc&t)&rEmL-r:i,>?>mi 

[0 12 5] CC^J'hWnac ttiinSTO 
^j©*-y> h JS^SITo h^Mn a c t©[S)£ 40 

[0126] C©»IBI©@«£5fcK#«. H 1 2 (C^f 

"MmS (BIZMP) KiJtfSIMl^t-^Oh 
^h^MsumrefBilrifeS (5e*&C.£9, @ 

szmpb mm±m^.^ - ^ > i- ©*¥#i*«s## o 

[0127] CMS 1 Kfot Bwae^sas^cca 
iEf-Si. 01 3&c^-f i^cfr-S,, Rigtcte^-c. ■*« 50 
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i'hJlFnre f ttggSnSfJ*S^0^4* 
-T. ^i-l-JUVInre f ttSIRSInS^JSA©*-^ 
> MsR***^*". FJlMn r e f ©[Sjfr©fl^«> 
Mn a c t ilDSg-C&S,, 

[0128] mw<Dtc&>. ±.foigmtt&8.*>tcmft : £ $ 

[0129] W»©sfcf9Sc5£{b*1ira**»rw:. htK 9 
h 1 (DtWmumm&mUe errx, 6> e r r y(Cl 
^r*B«^aaS**--^>hMdmd*J|tW , i-S. C 

(Dmm<DMm-c immm (z») *t>o©^tr>**«Bi 
Lfc^©-?. M«^mjg^-=e-^>nvidnid©iSB:«i 
j&a-ttot?**. ±teftg©gft&iwu&^©-e\ ffl 
«£5BK#*--y>h©2wS»fco-c*a. c©«tt«c 

To 

[0130] 3e»*a7cs-tt*fc«£>K«. aw^flsR^j 

S^J^Jg^J*-^ >hMsumref£ 
fflf«^Jg#* -J > h M d m d ©fn©*¥Ji5#ttiIfi£ 

[0131] —77, gft&EHx#>fi<CM£ (B*ZMP) 
t?«aS^Jg^-^> hM s urn r e f ©*¥73 ft 

b ©*¥(&#£, Mdmd©7k¥JS^iciISe§-t±ti«m 
[0132] C<C*(6©»«KC*ot:tt»^3>^-f 

■a*i> osKy h©»«M»w*S5e{i:w» , rsyt»«:. 
*-y>h©*¥#ffi (x. YW73rei)^*, Ji«£ 

mxft^-Jy hMdmd©7j<¥7?|6l^^Cii^$# 

s# 2 ) ■&j&¥©JS»tt&»eT s fc»cc . t?* **» af 

^>h©lfi5sMii%/jN3<-rSo 
[0 13 3] (B mra!©MD. ifi3R2) 

[0134] s¥©feg • se»©«uEt*. c<Dmm<Dm 
i ) sum i sTflcs^tf^Q i i @a^2s^jg 

T^t'C^Q 2 ^07K¥ffliSiaife^M©^^ 
h;bV?r*it>-5>o V©7^tSttl <t"T5o V4I15 
iC/^-To 

[0135] 2 ) g«0 1 s¥*s**^q i omm 

B«*flsS*«t»*Ml (@IZMP) SiWgfMMcS; 
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m 2 £¥*5;frtftCw5Q 2 ©is**. a*^j*s*tfi^ 

& (@IZMP) &ia<K'W>fc:ffi*'<i' h^V **>»?«: 
HHteftfl d b vAiWHISSHrrS. #«&Ofc»©iS*Q 
2' its. 

[0 13 6] C©B«ft0 db v*WJWf«ft£l,>5. 
*&j5**Q 1 > »J«i*iQ 1 ' ©^ h ^ h-^Q 1 Q 

h;U£-^ h;UQ2 Q2* i-T-S. HI 6(CQ1 ' iQ 
2' 

[0137] 3 ) mmm i ct^, io 

hJl/QlQl* (SlttTW) 

Q2' »»«©B»&S¥*H1 

[0138] 4 ) a«0 1 £¥£Q 1 ' 

fC> MffcfrftM (X#) SfoCKHKfte 1 x, 
ft*ft (YWr) itaDKIUgfte 1 y«W0IS3«S. PI 

<Y#) **>«)K:iaRft0 2y«WiaiKStt-5. EBKfl 20 

[0139] eLhottfldttfaiJ&jab^rawntf. $tb 

EE*7#tftt£*>r>-rt>. SltteSHilg (JSJ£ffl©ff##iE© 

# 3 4 tt <fc* L . ®B«C J£ D fcHSJS¥flcE*# 
*-rs**S*«D3E^t«i©m©H«B. £(TK*1-I 30 
[ 0 l 4 0 ] l ) MAfflHXft 0 d b v«Wt»f¥L 
¥*K#©#Jj5^tiflnU ±*Sofc£¥©HJS¥J*JS 

[0141] #142 ) mnB*XW9tA1£Vt*mfcbX 

4*C»&<cflUir*- SHIS n JE^acS^JCD*- jrf > h ©Xf£ 40 
#?cW#s^fb 1/ . *©te©fRK#fiR»ttii> U L*>SEffc U 
ft^o PI«CC. »nJETYfllMRfty£W*afPLrB«iP 

>h©Y)&&ft:Wj&^fbU *©f6©8RS*fiJ6fl'l*il>L» 

[0142] #tt3 ) S»i«ftfld b v, &S¥X« 
«ftfeJ:tf&fi¥Y»«ft4HB*(c»f1?r*4. 

[ 0 1 4 3 ] «tt 1 *5±D £ #t42 tt. C*l6©»fP«:Hl 50 
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ffikufi&zc iisu, #tt3 »cn6®amcisftt 

^ $, § c <h £^ u n t w -& . 
[0 1 4 4 ] m 1 8 > -f 7 > Xfi&fF&yESP 

©WIH&H&jjVi" ^a»d»Ht:*«). I3IS£#MLTC 
©«**»«■«- a. 

[0145] fttiS-TSi, ««^JS^J*-^> h#IS 
SKfel^rWfll^flcS**-^ > hM d m d ©#ia£tf 

- j* > h & i * 6 . SWffl«ft J: n S¥X 

(Y) fti«ft^SPK*il»rWa©SI«ft0 d b vfcj; 
C>'<9nx (y) 

[0146] ^{c. *3£3tifc*«ffflMIK:at-3t»t:«i 
**^si3 n s « 3 2 ^jsjgwstt 3 4 ©soiara 

£3 6&c{igIE-rs o 

[0147] JMTBttttTS «MR^J*S**-^> h 
^BeH«. *MI*aaS* J &-^>hMdmd*. WM 
l^>hMdmddb, SS^ffl^*-^ > hMd 
mdlx, y, Mdmd2x, yitCftWft&v 
^>FMdmddl)tt, MJJM*£l <S¥±T*) 
6 d b v *Skff -T SCiKiot: aW^acSA't'^ 

-^>h©e«fit-c&5. 

[0148] hMdmd d b©V^[Sj 

ib")©i*4Mdmdd b vilE^TS,, ^ h 

h^^Ui-TSi, WJWiflt^-J<> hMdmd d 
b©U*|*i)SMdmdd b uBOic^^ti-S,, WW 
ifftedbvWLtfe, *JS^©U*[6]^&"^> 

[0149] C©*ife©^-C»ffi«^JS^*"^ > 
hMdmdOtSa^lSl^^O&WT, Mdmddb© 
ISifi^r&ia^-M dmddbz^O £89563 n*. 
[0 150] HlS^F1i«^-^> hMdmd 1 H 

mm i ja^ficJs*tp^**>D K^s-efct^-^ > 

h-C*£o ^lS^PliM^-^^ hMdmd l©XfS^- 
Wdmd 1 x, Y«Mdmd 1 yiffiiiti. ^ 
2S¥fi«*-^> hMdmd ZB, S2J£?aSft0 
2x, 6 2 y*afp-r€>Ci(c < i;o'rS«m2S¥^JS 
***ja**>»)«:«*3*Jti»*'-^> h~C*S. KI2 
JE¥i« J t-^>hMdmd2 0X^MMdmd2 
x, Y^^Mdmd 2y iiaa!-r5„ 
[0151] #BE«> m«^©J:5(Ctf^o 
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Mdnddbv = Wdbx * Mdndx + Wdby * Mdndy 

Mdmdlx = Wlx * (Mdmdx - Wint * Vx * Mdmddbv) 

Mdmdly = Wly * (Mdmdy - Wint * Vy * Mdmddbv) 

MdncGx = W2x * (Mdmdx - Wint * vx * Mdmddbv) 

Mchid2y = W2y * (Mdmdy - Wint * Vy * Mdmddbv) 



mmw-i o 

24 
5$3 



2 7 7 9 6 9 



5$4 



[0152] C«, Wdbx, Wdby, Wlx. W 
ly, W2x, W2 yii^yWi n t Btf}«fla#3ER 
"Cab-So Vxtt-^ VfrVcDXf&ftQffl, V y W:^ # h 10 

v©Y)?g^<Dfii-cab-s.„ c<Dtp-v, winttt, mmm 

©&©-£?$>&<, 

[0153] &3t&4<Dwmmiff5m&±tiiE.ii 

[0154] ^tfBf©^SEfflS^^Wd b x, Wd b 
y, Wl x, Wl y, W2x. W2yfc=tffWi n t© 
I93£0!l*02 Olcm-?* H2 0©^£->fct, feJT©& 
f,^#IlttftSCi*51SLl>„ 20 

[0155] 1 ) 

[oi56] as* 2 ) mitmfcms ffi&in* 

Mdnddbv*Vx + Mdmdlx + Mdmd2x = Mdndx 



iA. &£^<1t«£*^*~^>hMdmdKjfil,HSl 
[0157] C©HK gjtt^PfTOtt^^KJ&C'T: 

i'©<t^tc, S«««^-^> h©V77lS]^Mdmd 
dbv, SSfSft-^^FMdmdl, Mdmd2 

r««T©<fc5(c|S^T-5„ 

[0158] C©tf3!'Ctt@«£flSK#tf<&j£ (SttZ 
MP) *fcD©^*JS*^&-^>h©*¥^[6]^ 
*, tiflt^KK**-^ > b M d m d ©*Jp^|$)fiS»tc 

tsc 6 own * & a -< < »e-r * «t 5 {c«**8assr^ 

[0159] 



Mdnddbv*Vy + Mdmdly + Mdmd2y = Mdndy 



5£5 



5^6 



[0 160] cntC^3. 5£4£ftAT3£, 5$5 »5£*305K 7 (C. 5^6 «SJ8 KXftSft-S. 

(Wdbx * Mdmdx + Wdby * Mdmdy) *vx + Wlx * (Mdmdx - Wint * Vx * (Wdbx * 
Mckndx + Wcby * Mdndy)) + W2x * (Mdmdx - Wint * Vx * (Wdbx * Mdmdx + 
Wdby * Mdmdy) )= Mdmdx 

• • -5£7 

(Wdbx * Mdmdx + Wdby * Mdmdy) *Vy + Wly * (Mdmdy - Wint * Vy * (Wdbx * 
Mdmdx + Wcby * Mdndy)) + W2y * (Mdndy - Wint * Vy * (Wdbx * Mdmdx + 
Wdby * Mdmdy)) = Mdmdy 

• • -5£8 

[0161] MdmdxiMdmdy#ffilOft4Ko *5U 0. *j«fcOWl 1 *|B|BJK:«J5W;htfftt». 
Tfc. 5£7 k&8W1&&(fyt l C]8 l &?2 > tc!t><iC\Z> 5£9. *40 



Wint = 1 
Wlx + W2x =1 
Wly + W2y =1 

«±©tft5JT»5£9 . 5£i o*5iL>*^:i i^ih^f 

[0162] ^ffB$-r-5*Mdmd d b v4|g(CUtS 
fltfflfitftfl d b v%tmi,X&¥-<D{>Lm.ZmiEl,Xi>> 
m±^mt5^-~ jt > h ©f&£*#SM d m d d b v &C$$-< 
r^£f Stii^&S., «il«ia2 1 © J; ^ tcw«etj# 



50 



• • -so 

• • -SI 0 

• • -Si 1 

U&v^ft-tTW:. 0 d b viC<£ otfl S¥©{£S£T 

[0163] |5l8tc> Mdmd 2*@tR«:bT*2Jl¥ 
*IIMWI0 2*»fPL-C»2fi¥©ftlS*«iEl/-Cfe. * 
> h©*iJBfi*!M d m d 2 Icm^r^S.? 
2>m&&&2>. H 2 2 ©«fc 5 fcWW3atM©« 



(14) 

25 

2 j£¥©^£ * wt & wamMsmt u en*. 

[0 164] 5$5, 5$6*»fi-r*«fcSic&S 

MiSLti, n > -7'^ r > XfWffiNCfc o T 
^^H^KS*©ifft«3!^««^J*ig**-^ > F M 
dmdKg^lii*-^5&5$,5 0 COj^ftChft^DS 
W#ltt^«l^iHt?«, 5£5, 5£6©S2©fji£l 

[0165] mm<Dftmmm.frmmfew-c&&m2 

OTii^ Wi n t^OKtSI-^CiKJ:-,^ 02 1 
©«*©<£ 5(c. 6 dbv l:affUrfe^« 10 

j^*-^>F^£-ctr&<ft-3T&, &JE¥WHKft 

[0166] um^c tic. H2 l ©=t 5 fcfUtrr & 

<ft&©-?, ^2H¥M«ft ; £^fpr^ci{cj:-,-rll 
^JS**"^f > F 3 & C t # £ J: 5 K % 

[0167] SftfaOTt>&l»<fc#fcfcfflJWiflUI 
6i d b v*»f^"i-*Ci(cJ:4*^fiaR**-^> h*J 

0 2 lt J!£J*J5**- ji > F ts& 

[0 1 883 -3*!), MMMfltA 6i d b vfl^SbOCflK 

«»k»< i^KttwiwBflwe d b vifimrnvcmfrtt 

«, ataBMI^flsS**- ^ > F M d m d U < ft 
[0169] tKSMcJ^-Ct*. 30 

fflSLft*mmr s c <t K «t o mfcr * 

> F O^SdSjffit^^JS^J*-^ >FMdmdJ:«3&;*: 

[0 17 0] L*>U CCDJS^-T-fe, Mdmd#5C©J| 

fl*T?*&ft6tf. **f3»^e^„ 

MdmdtD^S^^o-CtiTfe, — ASWfCfW 
i»Kfit5C it?***!. WfflP3fiO*-^>^-^y 

[0171] 3 ) JtURJtJWTtt. ffiWffitilftffl 

®»EfflS*3BBrtr* 4 W d b x , Wdby ©S&>tf{«£ 

/hs<ts. ttfeasart? \mmmm.n s ttr 

SifcL-T^ftt^S^M^ciT^Sfctfr. H# 

[0172] 4 ) £¥©«^4»«"r*fc«> 

B«S¥0RS*O*ia»3W/hS«r»i*«:tt. ^©s 

<t*. *#fc, jsw*#> 6« < ■tiro & <t # 
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JERKAttSWtUfc^©^ ^Sfttt#*3-ttftl>fc«>«: 

[0173] am* 5 ) mmwimn%mft?2>ctt,c£ 

> F ©:ms]«3KSmft 5. 
[0174] h jemmm d d b v £&frrs c 

«re*ft(,». sa^HMWiaffrscitcfco 

[0175] fflZ.it. § #©x y y/cWifclW* 
£ CD x v %>Wii tftgiSk Itl^ JS-g-iC it. x », ft 

c©#tt*;*iit,T. ft£^<»f*ft<W)Wi«£i 

[o 1 7 6 ] wmm&nzmvp?ztc!sb<Dft& 

IWdbx, Wdby(i^©J:3tc^t5, 
[0177] Xfig^Wd b x. YJ&frtfSWd b y. Z 
(£##0 ©"•<:? h;^Wd bi-TSi, 3 d7 h 
WdbiMdmdCl^iK&otl,^. lot, Mdm 
d^r^f hJUWd b^(fiJ^i^©BM^(C^»L, 
h;UWdb#ftj£#/£W*JfitttLt\ ^i'hWd 
b©^3^Dfc&©#!. 5^3(CJ;o-r*fe6naM 
dmd d b vr*-5 <t#^.-5o 
[0178] C©*§-£©Mdmd d b v£H2 3 iC^ 

h©Wd b^[6j^^fW-rS^ -f - KA 

iwts 4*±acR* * - ^ > f ©w d b umfafttm 

*UftC»36>6. C©7 - FA » ^*IJfP^«/cyc«l|*(C 
I^BPffl^ft =6tifW S /cW icft S . 
[0179] U^X. *«fcfttt**«60^:«^«:». 
Wd b*[ij^^ FJUV^iC— SfeS-liS*>. ^fc«^c 

>FMdmdOWdb^ilSU^4. SJ£¥*«fticffl?, 

Kpawfflwi *akff-^ * /attis4 $ -a- fc^ft h it. 

Wd b «t vamfflfi 1 fcftSJ:^ (C^-TS. — §|5£& 
J£^ffl«^Kffi6#fct>ft6«. WdbiVOTOU 
«fc»)/jNS<ft*J:5«:«5e-r-5. 
[0180] iC5t\ S¥©fll^KC^^CB, # 

J*S^-^>F©X^«/jN$<ft-So c©fc§£-(c 
tt. Wdbx^fe(Ctft5. Wd b^[6ji-<i' F 

^v*isitt-»uft < fto . wiw^ftc^afcwiwn-r 
[oi8i] raw?i«ft^ssiJtco(,i-cMic»gs-r5 
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20 



■c* «3 > MWffifKft 6> d b vttEfi*©in< swsns. 

[0 1 8 2] H2 4*#JHt,"C!ittliT*£. BII IS 
¥*S**^Q 1 KffiM-rSF 1 a c t £g«fil2£* 
Mflf2act = PQl*Flact + PQ2*F2act 

ccr\ p Q l j5#s p , &&ifiQ l ©^ >? Y ;K P 

Mflf2act = PQl*Flact + FQ2*F2act+ MLact+ M2act 
55 1 2 a tt. S«^fRSA4>^jjKSt> 0 (CAMST 
fftS^-^O FMn a c t fc^ffi-rSsSiCfcoTt* 

Mflf2actv = Mflf2act • V 
[0186] Mf 1 f 2 a c t v%P-;U7 -f 

Jl/^CCilLTM flf2actvfi It 
[0187] &(C, R»ffl«*-^> hV;frfa)jS#Md 

mddb v^ifii^^^tClL, ^ft£, Mf 1 f 

2 a c t v f i 1 t*>6*C. ffiM*-^ > h V^flfiJRR 

»Mdi f fv4ff5„ 
[01881& mftm? Mdmddbv* 

[0189] &cc. a3ptf*rfMitt£©aj^{cJ:SIIW 

6 ffdbv = - a *Mdmddbv 

[0192] *«{c^tc«t: -a edbvH 

0 dbv = Kdb * Mdiffv+ d ffdbv 
[0193] *nja3P»lMWI»»E»Kot,»r»M|-r* 
i. 025 te*<Dtp<Dm 1 S¥X*Mlftft3ea5©S9M!i 
s^r^-r ^'a v K> . IS 1 £¥X*i«ft eixB 
HS%©fti<Sfflfr-B» «iHf*«BS-r**i. S1£¥Y1 
Wflly, #2JE¥XS«fte2x> f2E¥Yl« 

ft0 2y*>ig«{c*a>*. ccrt*mj&¥x?ifltae 

[ 0 1 9 4 ] m 1 > f- X^M 1 a c 

t x§C-;U7^^KlbTM 1 a c t f i 1 t x 
*ia¥K«t-»hX)S#Mdmdlx« 
fflHtffl:? ^;U^icffiL, ^*V&. Ml a c t f i 1 t x 
#>8MD, fl^fc-y > HMd i f f 1 x£f#£„ WW 
*MUIite£iH«. IIffl7-fMtt, Mdmdlx* 

-c©eaM^©ji«^cES#tt*^#-r * 

6 fflx= - alx*Mdmddbv 

[0198] ««{c*S«:j:-9r» l JE¥Xffii«ft 9 l * 

0 lx = Klx * Mdif flx+ 6 fflx 
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I * ^JK^Q^Q 2 iC^fflf-S F2act*s, g«t£££ 
S*fit^P©**>»)«:«i3«*-=e-y>hMf l f 
2act^ ^cSCtc J: 
[0183] 

• • -S12 

* [0184] £fc, 551 ^55*fflt»Tfe 
• • -551 2 a 

* [0185] ^K, Mf 1 f 2 a c t©-^ b)lVJjft 
10 J&frMf 1 f 2 a c t v£}fift-r£o CtlB, h-»U 

©i*i»?i#^^fc«cj;-,-cf#8n§ 0 \~ 

;UV»frai©*ifSJiW(c*ji,^-cH 1 5 (CTnLfcVT* 
5. 



40 



• • -551 3 

■kWffimBffimPiO f f d bv^fM. CWS. C>*> 

[0190] JWWJfct*. > F- V^isj/S; 

M d m d d b v i^iOMM«t»a >^7 
^7>XtfWffll,>, gffflS 1 ja¥J&52J<fM>jSQ 1 

•eft©ffitt*EK0fcfc©Sffi»*KIIS8Blli« 
ft 9 f f d bvittlttft^. 

[0191] mmmmmzmmn etfdb vb, a<« 

• • -551 4 

♦f#5. CCT'Kd bUWMfl >~C$><0. MS, CllB 
iE©MCciS^-r^. 0 

• • -551 5 

* 5&©-r*&-5 0 

[0195] WIW*i«ftifc£<!:im 

£©SBUK J: 5 » 1 - y > h X)3c^© 

^»*fJ^M^-fc85©»l£¥Xm»^|fi«ft0 f f 

[0196] ^mat, m i > h 

ifij^M dmdix tmmt <Dmm*m?wm a > ^ 

•en©ffitt^JSteL/c^>©^^ i £yx«Mfg5g*Mtft 
e f f i xi-rn«ai*. 

[ 0 1 9 7 ] HI S^X««BE?|5*ffllft e fflxtt. 



• • -551 6 
5« x^rff § = CCtK 1 x»$IJipy-Y: 

n^>iE©ffitcia^s. 

• • -551 7 

[0 1 Q 0 ] HI 8tcR-or|BW*«ttS<t. {SiEg^ 

so s^pfig • ^fftUffiu. MWftfi«ft edbv, His 
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W-Xmmne 1 x, » 1 JS¥Yf§«£) 6> 1 y. SI2J£¥ 

[0 20 0] «DeE^a*[Bffi«. S«&£¥J*K#fc 

[0 2 0 1 ] «M)BE^»MRA»3 «jEB«fi¥fl[« • 3gf£ 
MUMS. #W3ftfc«f*^«*ttStlt*J:5tc, * io 

[0 20 2 ] 0 2 6 K^Ti 5 teffititSBfttttf 

a • 027 Knafi-^-rti* • $n«:«iESft 

€>„ 20 
[0 20 3] t£bflMft3 2 ^JSJgSftt 

ft 3 4 vsbbk iotsc snjs^fta • ^»©-rn£ 

[0 204] ±ME^mmtLXmi 0 7Q- 
©mBSicKSi, MIB©*p<, S 3 4fcteur±tau/c 

[ 0 2 0 5 ] 02 8 IXZrWm*™-? Vf^-Pls • V 
n „ . + _ h»^. 30 

[0 20 6] |E30£#MOT3fc!9i-rS<2:, *f S 1 0 0 
iCfc^TMIBl-fc^i' WUVfcsfcJi). S 1 0 2fCiiA,-e 

tt©cn6©I?:*»^„ SSt,>tS 1 0 4 Kit*. 5? 
3 *j J: O'iS 4 fC i o r ffifR^JEfcJS^* - jt > h M d m d 
*Mi«t-»fMdmd d bvi§£?lg%- 
^>hMdmdnx (y) IC^U S106tCjtA/C 

B8fi©*n< mmmmn e d b v s 1 o 8 tca^ 

-CSJE¥«mft0nx (y) &3j<a?>3 0 
[0 2 0 7]^l,»ril0 7a--?t-F©S3 6iC 40 

bv, Onx (y) KlSDTttiEU IKCn4«(S^ 

im&mitfo c tike u . mmmmmx <o «e ssh 

[0 20 8] S 4 0 licit*, ±{*ftg • ^<bti 

m) *»au s4 2tcjt^nTOSffi*»:m3ti 
mm* At wml, s 1 4 r> x±§z<DmM*m v & so 
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[0 20 9] C(C*»©««B±IB©*n< *J&Lfc© 

[0210] ipfc, C©SOS©0»«c#*Sg«tt. $fctc 
¥5-3 0 55 84 ^GMvmm btc&g 3 > 75 A 7 

[0 2 1 1 ] C©8S, IS£BjK#£gS&JE¥*E»*J 
[0212] ®t{*. P^-? h«CfPfflTS^S*, J: <0 

mwmamu±ms.t)*'b& (iizmp) *t>o© 
^wsp*j«ta f s«r=j>7'^ >xftijffli©#fflictbfsu 

[02131^-C, ^DtWft5fe0^ffl#4/c^t?ft 
[0214]ifc, W^ttPtf's. h©aSJ^Sc5E^bfW» 

<i#£ffi?)i-r c i *5 -e * s . 

[0215] Jifc, #I3¥5 - 3 0 5 5 8 6 ^fBt?« 
TO5#©^J) ©B«^6RS*cp^ (BtlZMP) 

#S«*B5K*<W>ja (B«ZMP) *to0(cftffl-r« 
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[0216] m29t£C<DmilC&Zm&®W>U#*J h 

(Dfflffims<Dm2<Dnm<Dimzm-?. mi Btmrnr* 
[0217] m2<omn<mnim&^\#m9m* 

Zl = -4§#PQ1 ©S2 *6 dbv 
Z2 = MftPQH ©SS *6>dbv 

{SU ec-e. 61 d b vtO*5U 5x~>£#>t>tiZ>m*Vi. 
A^-So io 

[02181K. *©flb©*iwstt, m i ©nsfeo^JSi 

[0219] 13 0 ttC©»9!fc#&IH6$£»PjJ<? h 

©supisg©^ 3 (Dmnvmmzm-?, m*t mmm 

H3.1B. -€-©»fP*^"r. 110 

[0 22 0] SS3©**©J&J8«c*j«,»rB, 

h©Zf&# <tti£#*t>«jJ(dS») icM-r&^y 20 

[0221] m3(omM<Dmmic$>-z>xi^ ^(Dtc#> 

K. Sll©*W©»»Cc«Si6M©«JiRCc. tttttfciti 

[o 2 2 2 ] @3 o*««otmiws±. m3<Dmm 

©fiKiStgiCte^tlSft-f, P?Kf h 1©±#2 

4©3iafitg{c3-u-h-fe>-tn o o^taw-si^ 30 

K, *©tf«jfc£&A2JU 3ti±©<£§> te<fce>' 

mrfimzim-rz eaeg • ^ • ^fait^n 1 0 2 

3rlr;i-5<fc5K:i,fc 0 3-U- h-te>lf 1 0 0«> o# 
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* *©*sS«>*fiW , W4ja 3 Ffi«liliE»fP©#ffii 
aietc^ifcf©!:^, 02 90c^-rJ;5oc, 



• • -351 8 

[0223] gafeg • • ^ismees 102s, a 
as^Diit * fc {ck-ji >T-#«r©*wMftB 

ictt-t s ^©*ra<a «©ffl»fltB*s J; £ £ 
i*(c> a-u- hz>im o o©}£fflfii£fg#-r?>t 

[0 22 4] cn6©t»«C*-3't, 7 s -? FU 

3->«ci- 3 t 1 g«BPSic^rsniJf h 1 ©&B 

•ftitjnft-rtizmmfZo iss. f^-u3->^» 
«Bett©»i6*j»»-r 5©t\ * ^ 5 & 
fflt»-c«Ki*am/t:«iEi/-r<>si.». ±*2 4 
3&^siijftK:*rur«< teas*© 3 -u- \-&mmz 
mmrn* 0 &tt t, hi £ * s ©-c . > -9- 6 0 ©a* 

[0 22 5] Jft3©£it©X?agtctt£9tK&l93 1 ? n 

- • ? + - h*#Mbr^Bj-r-s<t. sio*^s3o 
*rjti^rasL s 3 o a(c*s^-r, jsjestifcnsKv h 

d>IK2l>rSJ:9tc. fflflt±ffaS^*-^>h©zeS»M 
d m d z ^sRfe-S), 

[0 22 6] 032 CC^T l£KCC)& -o T £fff 3 



Mdmdz = -Kthz0errz- Kwz (dflerrz / dt)- Khzh 

• • -Si 9 

CCX\ 6 e r r z &^<DTti, d6»errz/dt > h ©£- 9m&&tikOMM*1&%.. 

\*z<aimwt5M, himmfr*><om-m~c$>&o mm 

Keerrz, h*^-? a C©H©1^-C«, 6> e r r z , 
h»iE-C*ao S/c, Kthz, Kwzfc<fcJ>*Khz(i 40 

[0 22 7] m)faU/cSP< . P#5> h 1 
<h . J£^©«fetS« 3 2 ^£JS§fft&3 4 ©*a cn» 
ttin**^ M©ttiffH*toD©mifc&*-.rf>Mc<fc 

ot, ±«£2 4*j«ii[f***>»)tcia<gj8»-rs. cn^ 

#JE¥ftM^)* - ^ > h © z ^*3Jg«i-r S „ a^F 
2pJ*JS^-^> h t ±BS»©ifa{cas. 

[0 22 8] ±IB««|CDjK«*ijftA:K&S i . 50 



zwsfe«30*ii^itt*waHi-rsft:wrt,. mm 

[0 22 9]^ mcc ZftSt) 0 BWSIsjiS&SrPilHJf 

s^w* p> 3- u- h ©fh ifii-rn©B#ra^ 

fit) «W*> etffll^flcS**- > > h © Z l&frM d m d 

z*^-rtitfl^„ bp%> sci 9«:*j»,^r, Kwz« 

[0 23 0] Sfc, ^3©3SSfc©^ffiKfct,»-rW. 

£¥2 2R (L) ©{4 
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[0 2 3 1 ] fCDaS^ffi^l^SiftC, i&JB 3*1 Sift 
[0 23 2 ] ±m&t)t&&¥-m.%j]<OZmiZ*iK)*:-' 

J:oti6M, {UIES^S^Sg^ (016©* 
«©£¥) if*iEa^§S¥)*JS:^if^* (HI 6©Q 10 
1' , Q2* ) t,cftbtsX<D£>jtj:fe]E%:1mz-Z>Ct<,c 

[0233] i ) miEm^m i s^s^*^ (H i 
6 ©or ) oii^, mm-£mfxj]{m& (sizm 

P) ^HIe^Wc, ZW^fr^C. frhmkftd d b z 
?cttll»8fr (rotete) ITS. fet)ihtcfe<D&*Q. 1 " 

[0 234] E?l«tC, @«H2 S¥^JS^*^* (0 1 
6©Q2' ) ©MH£. (BIZM 
P) ZM&^blc, ZU$t)K)lc, &Z>®1fofte db z 20 
TctfW&MWi (rotete) mW}Ltcfe<D£L%:Q2" 

cornmne db z£. zfis^MOTW^ 

[0 23 5] Q 1 ' *&£#5Q 1 " |- 

^h;UQl' Ql" loUtCC, te,A^Q2' 

#SQ2" ©^ h;!^-^ h;UQ2' Q2" itl.. H 
3 3 &C±#fr£> JtfcQ 1 " £ Q 2 " Jkmf» 

[0236] 3 ) mmmm 1 mmu^-r 

(C, ^HbQl' Ql" ?cW^f#!63-a-2»o RMS 

k, miEmmm2&¥-z. zmitsuL-rtc. h>uQ 30 

2' Q2" /dWW^ttStfSo mmk<DJ&JEBM&g. 

[0 23 7 ] 4 ) 3 ) r»e>*i/t{iiiE@til& 1 J£ 
¥^Q1" iSjfcfrSJiii (ZM) **> Steals 

ft (9 1 HfilK:, 3) r-m^tltcmiE 

@«lff2£¥£Q2" iSiS^lfilW <Ztt> * 

nS¥Z««ftiRf^„ HKft©«JEaS&M¥*H3 

4{c*^-c^-ro 

[0 2 3 8] «±©M^fl«#a*rfc&**i«, M« 40 
[0239] #i4i) zm£ii<ommmmfte db ztc 

©iff, ^m^fi¥3M^4M>j£*to9©*&JS 
[0 240] #142 ) »nS¥Z»flUI*:W&»ff50r 
^(C^ffl-rsHHnS^Jg^©*--><> h©Z«|fS 50 
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[0241] #143 ) mmmmndd t z , ^s^xit 

mm. Sfi¥YI«S, Z«iSfc«9i^|»ffl«ft0 db z 

[ 0 2 4 2 ] #14 1 *$ J:C>'#142 «. cn^©»mca 
Sctttf* SCi^l,, #14 3 CDareKM&ft* 
* h C t %7jk L T t, > h t % /L £ , 

[0243] «±©l&mcfcW£ ZMSfrOWIWfilHRft 

edbzfc^o'ss^zitmft*, «^n>^^r> 

[0244] H3 5 5CfS3 ©3U6©J&!£©1g-£3 >^ 

> > h Z J$3?iflUbfl$i£W 1 0 4 feigft] t, fco 036 
(C^©^&-^ > h Z^^ffillQttf^Sff 1 0 4<DWM%: 

^rf„ kt, c©it*n^*+^{ciSBj-r-5„ 
[0 24 5] H3 6cc^-rfti< , c©z*£#*iflHr-y 

*3*S©tU:&#'&. WJM«*--^>rMdmddb© 
ZMMdmd b z iSja¥Mfll*-^> rMdmd 1 
z, Mdmd2z?r^tSiftK 1 |ggJE.WfcK#£ 
mZZtitcffim^-JlsbZJ&ft (Mdmddbz, M 
dmdnz)&iM, Z t> »3 6 d b 

z. 01S¥Zffl««0 1 zfcJ;D £ »2S^Zfi«ft0 
2z^g«. (Cil«I3 87D- • ^ + - h"CS 
3 4a©MlK^T5) . 

[0 24 6] «jEB«fi¥tiaHa9«fflaS'r». Ztt* 

[0247] ixFfcmfwmvmM&mm-rZo 
[ o 2 4 8 ] H3 7 ^muxm9±m&^-^> v 
©^iHtcoc^rgiBj-rsi. mm^mmm-Jishfr 

IBg-Ttt, li«^J5KJK^^-^ >hMdmd©Z 
dmdz^, SWti«*-^> hMdmd d b©ZRS^ 
Mdmddbz, » 1 JS^Pli*^-^ > r Mdm d 1 © 
ZMdmdlz, fZJEffflft-^^FMdmd 
2©Z^Mdmd2z, K^E-TSjfflldHiftlSn 

[0 24 9] SI»-^>F©Z^Mdmd 
dbztt, 6 d b z *»fM-a C iCC^^-C 

b«^*s*"*»'CmS ( as z m p ) * *> o cc^s^mjs 

[0 25 0 ] SlfifiSt-^OhOZ^M 
dmdlziJ, miS^MUfte 1 z4»ftt4CiK 

hZ)S^ (B3 4(CMl^-f) -c*S„ m«l 
CC, f2£W« ; t-y>h0Z^Mdmd2tt 1 0 
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Mdmddbz = WdbzX Mdmdz 
Mdmdlz = Wlz X Mdmdz 
Mdmd2z = W2z X Mdmdz 

CCt> Wdbz. Wlz, W2zB$tf«F0»Sfflt « 

^o^iefflM^^iscwd b z , wiz, 

B. HT©!iS^#Il«fSti§„ 10 
[0 2 5 2] £X£ 1 ) «»«iftiSS¥*«ft^T- 

[0 2 5 3] ) ZW*fe«3ffi)SPM«ft*3j;0'& 

z ffimnzmm scm otiat 

h©ZJ&#Mdmd zKffi^ffiOCfcS^fC. #BHfilS* 
Wdbz+ Wlz+ W2z= 1 

ft. ^fBfC«. 5? 2 1 ©SSjOJ 1 tCi£»«i«+d"C* 

[0256] as^3 ) j®WS¥^S6-r-5B$JiSrZtt 
£ to 0 PUNttftfltft 0 d b z a6« 0 r £ . S¥#if6f4a 

[0 25 7] ffi&£4 ) *WJE¥*S||»r£»#jSr-€-© 

jS¥©zM«ft^or^^t. js^2»Muai**JB«iiei* 30 

lot, »UBT*«IWlWSH*jS[*tiEr. #lfi¥Zj§ 

mnmo^mmm^mw i z * o k u m2 ji w* 
2 z*o(c-r-5©*sa*Li»„ 

[0 25 8]^ Z#*toi3ffiWli«fte db z©^ 

©aa^itjnsn^. zttsfegnintfltftddbz 

B, WJWMMedb viWl©T*=fi;XAKJ:-9r 

3&»6Z^f|nI{C^toofc^WC*S. lot, Z$6^to0 40 
WJWMlft 0 d b z *^tl>!ai07'o i-IB, 19 

[0 2 5 9] 3 6fC. ft 1 &¥ffim.ft eiz, ft2 j5¥ 

seme 2 zvmzmm&maztiz. ftnjs¥z»« 

«9nzB, ftlJE¥Xli«ft0 lx4*»57My 
». 02 5OX4ZK, 1 £n CcjgSfM. J: o 50 
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(13 4(CM2-C/W) T£)-5>o 

[0251] »eb. m^b -x^m^rn^o 



^StWd b z . Wlz, W2 z 4fttT5, 
[0 25 4] SLSmH £©<£ 5 fC> ^ > h 

©Z^Mdmddbz, > f- Zfifcfr 

Mdmdlz, Mdmd2z *&3|{C J|&fi¥JSfcK*J«C 

«4s«-sc:i50«"c*ittia-cB» «t© J: 9 teaser 

3„ B|J*>. B«£0cK#fi<&j5 OSZMP) $to?)© 
3&*E#*-y>hMa c t©ZJSS»*. ffl«^J«S7a 
•fc-y> hMdmd©Zj£#«c— ifc*-t*£ (SSm-Ttl 
B, HI 1 ©SWOJBfctSC^fcStea -CT >XKi 

[0255] 

• • • 5£2 1 

[0 26 0] ±IELfc. 03 1 ©S 3 4 a-CtTton-SM 
a©lJ-^U— H3 9©S 2 0 0&OLS 2 0 6 

[0 26 1 ] ±!B{C*-3^r. ttiESMS^fe®^* 
ffl <H3 1 7Q- • h©S 3 8fCtBS) Kfet* 

T. IWISflfldbv, zm&t>t)mMMffi.ne d b 

z.ll S¥XM«^ 0 1 x, ft 1 J£¥YI§«£j e 1 
y, IlSfZilfteiz, ^2£¥X«W6I2 
x, S2£¥Yi«fte2y, ft 2£¥Z?f«ft 0 2 z 

[0 26 2] *3©HJfc©JBMtt±i3©in< - ^^«JS 
h©Z(K# (teittt*to»)©J5R#) 

*W*iJ-r sciids-cg, j;~> rn^tb p * h ©$» 

fcWH9*- W»* W(cl5il-r S c t ifit? * -2. . 
[0 26 3] 3 6&CB, H 3 2 

[ 0 2 6 4 ] ft. ft 3 ©^©J^SKcfe^-C . 3 - U - 
h-fe>-y 100, gB{4H • «^ • #6rti5e« 10 2ft 

g**-^>h©Z^Mdmd z?:«*/cB^©ifi{f 
tC@3&r S fcW-C . ^J5kJS7J*- ^ > I- © Z fi£#(C 
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[0265]?&1&^L>»3 ©StJ60^JBrt?f4±K©to 

< , d>a < £ (±{*2 4 ) £, wriaa^icm i © 

W*(10. 12, 1 4R (L) ) zftLxmmztiz 
iftfC, *©5B«CSI2©Hffli (18, 2 OR (L) ) 

*^-Lraassn*ja« (^¥2 2r (d > 
( 2 *) ©wsu (nas y > * 2 ) * & 

ftp iff s> h©SMtSJ§lgK:teo-c. mriBPtf'y h©4>&< 

^ *>B5tajsBB©s&&g*i *e«e»**wnfcnir-> 
(s«±f*&g • mm. mmtzw-im ■ mm) £. mm io 
pjf<2» Kcm^s£j*JK#©@«^£--> (iim 

Sfc. B*£tfcKa+<Cw£ <=B«ZMP) ) £4>&< 

£ M t bp * » h ©3?g££jjrr 

<j#g£jjJHB. S 1 0*6 S 2 2 ) . mm%.i&$htc# 

iasgp±©^ffl*^fc-5 m*E.fflyxtjip&& (mm 

&SE3Mg ( B«flcK##ES. S 2 4 , S 2 6 ) . jtuf B 

J©*Jg#&W^® (6#^>t4 4. ^#J£¥«JK^J 20 
WHS. S3 2) . BrffB^tHSnfcHfRS^J^iBgtm 

snfca*sasflas*i*iiC^* too Kftffl-r**-^ > 

h (HinS^flsS^-jO f-Ma c t x, y, z) 

£iftm i> . < £ fes«ia#m $ nfc* - ^ > f- kis-s 

i,>r«resaJ*iai63'tt5EBR«: (WJSMftfte d b 
v, z.InSflllflenx, y, z ) £&5£TSJE 

S3 2*6 S3 4, S34a, WWMflUl^gB. j&n 
fi¥*Mtfl8<H£». S 1 0 0 *6 S 1 0 8 fciO'S 2 0 
0*6 S 2 0 6 ) , lwiei£S£tt/d£a5iafcl:GcK-5t^ 30 

in a sai&g** J: •&/ * fc tzmmzmiEir & jssb&k • 
8 , s4o, fijEa«s¥&g • ^stmsp) , *»«t 

0\ MiBl£E3tofcJESI$©teg • S§f£(ca-3Vrft(faP 
zK? KD^ lfc<fcc/ffi2 <omm ( 1 0, 12, 14, 1 
8, 2 OR (L) ) %SHa§-££Wtt«ffl*S (P#? 

P--5. S40, S4 2) 4«B*.S<fc5K:;|llJ&Ufc. 
[02 6 6 ] Jfc, ^<i^Sft(±ft2 4) i, II 40 
KSttCCgt 1 ©MSB (10, 12, 1 4 R ( L) ) £/f 

uri«S5n-5£^{c. ^o9eM\cm2<om ( 1 8, 

2 0 R (L) ) £/r ItlS? to (JE¥2 2R 

(D ) (2*) ©»sp <»asy>* 

2 ) *>6>5:sjw^«»P!j?f h i oymmfficts^x. 

mifa p ? h ©4>& < £ *> fOlBfiSB© @«ftgfc J; 

< * - > < a«j:i*tfl« • 

<B*£IGRK#. B«^fl£S^jtft^ ( = @ 

szmp) ) *4>a< £fc^tfttriap^^ h©»££ so 
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(jfc-f S*£g£j&^fa (*^*BRig, S 1 0*6S 2 
2) . ff8B^Stofc*«©^J«S»*«fejE»©*to 
^to Jc#SS 0 £ * © WB£»±©flyB f^fc 4 @« 

S24) , m&EMK.ftm-rz#j%BJ3 m^w-mm. 

t>) *t»Hrt-4KB*S**lH*® (6«tfH2>-!f4 4. 
*&£¥*S^)^tli^, S 3 2 ) . 4>fc< £ fcMfe#?iU 

y, z) *SBrr3JS«@<6»fcJE*Bi («^>77 
-fT>^«MKfc5e». S32, S34, S34a.MIW 
ffi«ft^g|5, HnHJfflWiaBI*. S100*6S 
1 0 8fcJ;0"S 2 0 0 *6 S 2 0 6 ) , fjfB^^tofc 

»w . mria?^ § to/t mm&%m)xJj (»»«&ja* s t- >»■€• 

©fi^StoOicHIK-r-Scfc^fc. Mia@S14gfcJ;o*/ 

T>^«f^t5e». S 3 8 , S 4 0 , ^iEBtl 
JETfiBK • j»M»a») . *Jj;£>*lMiaf$iE3tofcJ£S15© 
ffig • mmic&n^x buIBp# t» h©JB 1 *s J:c«S2 © 
Hf (10, 12, 14, 18. 2 0 R < L) ) ?r^fu 

-f ^X?g#g[5) , Sfia>hn-5, S4 2) %«itS 

[0 26 7] frtBSMiS • «IM!EiE*Stt. W 
fBiRS$ tofcHSPlHlKiicS^ur prlBSBP©egfc J; 

^*4C»«-e©ifi»*to'3K:iatS , r4J:5«:. Msaati 

[0 26 8] s 6tc v mrtap^ s» h ccaastcf^r*^ 

Flact +PQ2 *F2act +Mlact +M2act), ^/cl*MIBP 

Flact +PQ2 >KF2act +Mlact +M2act ) *6HUlBS.SI5 
^ffl-rS*S**-^> 1- (Mlact +M2act)^r'M#b 
rt#fc^r"^> h (Mfl f 2act=PQl * Flact. + 

PQ2 >KF2act ) ©^irto.#>£j££H U 4>tt < £^>mflB» 

S ( e d b v, z ) £ £ SgC^ttfi*^© (« 
^•n>7'5'( , T>^«lfm^g|5, S3 4, S34a, W 
Wfli«ft9iSa5« S 1 0 0*>6 S 1 0 8 , S 2 0 0*6 

s 2 o 6 ) striasgB&s • «#^iE^fa«, ho 

E»5E3 to?tSa5@IE«*J JtVIWBjWes tiidSHmx. 

[0 26 9] s/c, wsa^Bcg^oaep-cf ->K#JD 

Mdmd) IWaJSWiaiEJeftS^atoJ:^/* 

?t»HWajaa»WBtoe#s«. 4>&< £4> Miasms 
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HtcmmKt) (m&&¥-mfxjj) tmm^tcmm^ sio4, s2oo*6S20 2). swa^Besftfca 

*$ <fc XI/ £ ttU&fhMZffig? -5 ( S 3 4 , S34a, J^{Cg^TMiaB»g©£§l5©GLg*5 <fc tf/* 
S 1 0 0#>?>S 1 0 8, S20 0*>e>S2 0 6) *n<* •SfSJE^© (a^3>^5^T>X«ifp 

JSOfc. S36^S38, fflfltft%£9:> «M(@5&B 

[ o 2 7 o ] *fc. wfKsei^^fcaMR^jscR**-*^ irtuw. ^iEaes^fiLg • nammm* wmsamat 

>b%. 4>&< bWUB&tfv KDmzmm (0 e r r AOttEBtta^MtaiSSMtta*) . *s<fctfHuie4ilIE3 

x, y ) K»rJC>TJfc«>S ( S 2 8 . S 3 0 a ) #P< 1f tlfcHSSaMta* <fcC««*KarJl>rlWBCi#? !-© 

J&Ltc. HlteJ:0*^2CDMgp ( 1 0, 12, 14, 18, 2 0 

[0 27 1 ] *eafi»5!c3e<fc}««^acJR**-y 10 R (L) > Wffi£tStf«»#« (cuK» h 

>h£, iJ>*< ifeHflffBn^f h©3-U-h (Ser JftfiT^^U ^«UB|S) , attain 

rz, deerrz/dt)KS-5^tf&5 (S2 -5, S4 0, S4 2) 4Ii5jB<iilfc. 

8 , S 3 0 a ) «fc *> tcflteS Ofc. [0 27 7] WKIfciE^Stt. WIED jK » F ©sg 

[0 27 2 ] Sfc« BUfB«»^^bli«^*J5^*-^ IMiiSK*^»rWEB«^©jaa5©flc«*JJ:eJ { /* 
^tt< &tmsa#7 h©SM8K*>6©r 6KliEjE-*-**n< «J«l/fc. 

ft, hp%» i««iat*»6©itfn*«i>i**ifiirnhK [0278]^, isaufcin 1 r^o^3<Dmm<Dmm 

m-3*<>xmisb2> ( s 2 8 , s 3 0 a ) $p< ausufc. icfoivr, mmmmctev&&¥-m^'C\$,<?>WL t )i3Z 

[0273] sfc, tmm&mmm±mEL-t>*:~M sKftfif-r-si. mmmmc^i^w-m^c^M. 

> h (ffi«£(*K2iM d m d ) ®4i©fr5e©Sfi» (Md il7K^LfcJ;5ft a«&JS¥£fcJ5;W'C\£©ftft D 
mdz) **SfcB-€-©£flWciS8&r*J:5{c«sSl/ 20 K. *©BWffl{c«SEOri>*S]eS»iB«©«fi©a!l©Mi 

[0 27 4] Mf5£gPfig • s6IW*jE#SB, lu [0 27 9] *©R3e#4Sffl*«TK:5lJ*rS. 

ian*^ H©S}jMB^tc«-3c>'rB9iaa*ti«fej:cf/ atstttttcftft^ w^tcfc^rtt, s^fcHfES-tf-r 

[0275] iWEjaii5ins«ae*a*j<fccf/* ^©^js^c^l-ck, «fcD z F»L.ac»«fc^«:Tsc 

- jt > f *s*Jtaisifc*©]fiisi5©^ ft en &c#ie ^^©^m^^Fii^K: «t6«ti>j:9 (cas-r 5 „ 

£ft£J:5Sc, lM§aSSl5©[eHs«*Jj;^/Sfctt#KiS ^a^T*5<h, m®.Wlft&13Mlc&.t)-z>X&¥-mXtc 

(S3 4, S34a, S100*>6S10 o< #>6t?*5. 
8. S2 0 0*>6S 2 06)*n<«J3SUfc. 30 [ 0 2 8 0 ] ^ffi 1 ) > h 

[0 27 6] ^<ii»t(lft:2 4) <b. fflf S*©*«t»*»6. > h ^Ig^Siffci § 

ia*f*fc® 1 (10, 12, MR (L) tC*g.fi^J6feS*it>'£i^*S^*ffia**a>. Cft^r 

l/rJSSii ft* *©jfejg{c*2©H«i (18, ftQEaaSfiTflaS^W^ti^A. flU ^IEgfS& 

2 OR (L) ) fc^t/TiWSSft-SJSW (S¥2 2R *©BWB«:2B3tUri,».BjajS«ttl 

(D ) (2*) ©was (wgp>;>^ «W36>&a?tttc»«fc5«:iwrri. fcjEBWSSJpflas: 

traaotf* h©ii>&< 4fci9iaja»©s«{tK*jJ:cjf36 [o 28 1 ] 3M£2) ;sSLn^sjss»»i«©MS 

mam** -> (g^^jg*. a*^«s*4>^ 40 c 0 2 8 2 j 3^3 > 

(=b«zmp) ) s&>?>«cswaaoiK» h©^s*^as 2j«Km5*#«>, *©j£*fctt*©j5fi#*BfcWw£ 

sio*?>s22, s (c-r*. 

2 4). WtaP ;K b ©sd^je-f t©fc»©*Ml^acS [ 0 2 8 3 ] *ffi4 ) 1 *> 6 3 K*lf fcftmaCtf 

^ms^#m^© <seiWc3t^bw»a*a5. S30, s timzmz?. ^(otam^mco^mn^o^-r^ 

3 0a), BuiaSgPKfFffl-r^limS* (H§S¥J*S [0284]fi, ±^KiJl,^, SJe«ftfeM^©)±^^ 

zvauTz&MmB&j&m^m (Qmt>^>^4 *©-sp(ca©jkj*s^u%i^o. -r^ft^fe#* 

(Sffi^JS^SaS. S34, S34a, S 1 0 0^6 50 [ 0 2 8 5 ] £fc> ±IELfc^ 1 L»3 ©JUS©?15 
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2 1 4 2 6 o-^riiseu/ci^ift^^^s^ffl^-rw 
[0286] assies • gmmMttmimjE-rz 

i » tc©_H« 5 cd * * r fcflfiWWtfW o -cmm& t ft 
fc< &5*J-£ftas*£. C©<fc5Srt&^c«> ±i3Hit 10 

[0 2 8 7] ±tabfc» 1 &t,> Cffl3 ©HJfc©^ 

ftoW«< C £«C<fc^T£t;SS5S¥©<iai • ^©-Tft 

mmmm.n e d b v*s£v&&m9tn e n x. e 

n y ZWiE-? Z> C t {c J: -3 Tfl"6flHi«&^. 
[0 2 8 8] JWfiWKtt. 5(t, ±#©«*HHa 20 

(DXf&frO e r r x, YJ&»0 err yiiftB"^ 

Tf#6ftfciB}lSPS«ft edbvK, Nbv4 

A0 dbv = -(6 errx * Vx + 6 erry * Vy ) 

[0 2 8 9] mm<D&&¥-mmn<m^&-cnt>hfcm 

ft^fte err x£3l^fcfc©£®#>TSfS 1 S¥Xti« 

[0 2 9 0] raa4C§JS¥li«ft^*S-C»6ftfc^ 30 

ft^ftS e r r y£3l(,>/tfc©£&#>rm £¥Y*i« 
ftSly, f2M¥Yiffte2yit5„ ft. if** 

[0291] ±.mvtcm i L,M3<Dmm<D& 

fflMMft£Jgftlfltft 0 f f d b vl3»"C*>m». BP*, 

[0292] ±mvtcm i &i» i,m3<Dmm<DB 
is i ^w-xmmmmmn e 1 1 1 x bp 

[0 2 9 3 ] $fc, ±fBUfclH 1 G&m<D& 
*K*»C»r. #^*3gQKttB**fcg©$U 5 >^*(C 
^b«rS«e3ft*©*c, «ra#t«#t?**. ffiU * 

©if fti* jWM d m d Ki&^T A * < "T ft & t»##i * S „ 
[0 294] 7ttl/ttk>ftIN^©KttK*frSia.rt:% 



mmW- 10-277969 
42 

J*CDf»ffl?:*^P U C ft* h y #K L, T$MEfli»WBR 
[0 29 5] Sfc, *SS¥*^*6fi¥©Kflfcya« 

< w a « *ja¥*efcsa *&ja**s#©«tt««*> e.^ 

«S**Ttft:*-y>b©%ife*Wl$iJTS!9:i\ |g& 

[0 29 6] ±faL/fcH 1 Lm3<D9m<DB 

mcis i, >-c »a» * * v x -r * x ©8?©5S£ H:3gWi>c3£i6 

S. OTIB©^i£^«*&t>t§ltf-e&, C©3M£tt6«, 
[0 29 8 ] ±IB0/c^ 1 0^3 ©HJS©ffi* 

«Kc*jc»r. (ftii3 2 (fc^o-'SJg^ttfts 4) a 

JH*C©»W©*«a$»TBtt^. C ©»H§©*S«7 
[0 2 9 9 ] *fc, ±SBLfc* 1 ^CL^ U^3 ©^*©ff$ 

Mccfc^r, v v mm imwwmwmz^iz. & a 

[0 30 0] _hfBl//tHS 1 3 ©JSS§©7I5 

^{cfe^r, 5fetcfcMft/cSn< . a«^3WfljJR*«^ 

^ iBBtt*fo»)©15S#*l»(r»r*'T?*S£6«. *© 

[030 1] Sfc, *ffiBHA«, «PB¥5 - 3 3 7 8 4 
9-^<2r#R(C*j(,>r. atlfe^asSAtfiit^**©* *CC. 
StRXMl/t * - >/c » *«EiE L- . «iE $ ft fcg«SSti^ 
* - >© Z M P t B*£«c£#«f>'l>j*tK:-$*ft*£ D 5 i± 
^CifCJr-oT. S»©«**a7cSttS*iS*ayRL. 

[0 30 2 ] *?c, C©^HJ* 2 M^f oiK y h^MU 

[0 30 3] 

[^BJ©^*] W^lisscfc^Ttt, JW^tbn#>? 
hKfPfflT-55RJ^4, T*** C * C i ft < , 
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[0 3 0 4] BP*,, AWft^fa»3-f>ffl«4«Wrft<, 

[0 30 5] BP5Sa£a&a#? h©s£!$3c^fcTOiJ io 

ttWKSE&IBgW S Cim, Bfc$&ft P # ; ? h ©IS 
ifttt^iSfe, a#©x tr>*K±tic 4 

#ST*#&.> M5C. Ws^Sbntf'-y (-©T^^ii-jf© 
[0 3 0 6 ] »#S2JH«C&- 3 Ttt. lt*«13S4PI« 

®ftTO8»*» & c 4 #r * 6 . 
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